A food can be regarded as functional if it is satisfactorily demonstrated to affect beneficially one or more target functions in the body, beyond adequate nutritional effects, in a way which is relevant to either the state of well-being and health or the reduction of the risk of a disease. Health claims are expected to be authorized for functional foods based either on enhanced function (type A claim) or disease risk reduction (type B claim). Their development is a unique opportunity to contribute to the improvement of the quality of the food offered to consumer's choice for the benefit of his well-being and health. But only a rigorous scientific approach producing sound data will garantee its success. The functional food components that are discussed in the proceedings of the 3rd ORAFTI Research Conference are the inulin-type fructans, natural food components found in miscellaneous edible plants. They are non-digestible oligosaccharides that are classified as dietary fiber. The targets for their functional effects are the colonic microflora that use them as selective 'fertilizers'; the gastrointestinal physiology; the immune functions; the bioavailability of minerals; and the metabolism of lipids. Potential health benefits may also concern reduction of the risk of some diseases like intestinal infections, constipation, non-insulin dependent diabetes, obesity, osteoporosis or colon cancer. The present proceedings review the scientific data available and, by reference to the concepts in functional food science, they assess the scientific evidence which will be used to substantiate health claims.
Functional foods: Health claims: Prebiotics
Introduction: nutrition at the turn of the new century Functional food has been introduced as a new concept because the science of nutrition itself has changed. During the twentieth century, nutrition has discovered the essential nutrients and it has established nutrient standards, dietary guidelines and food guides, mainly if not exclusively with the aim of preventing deficiencies and of supporting body growth, maintenance and development (Welsch, 1996) . More recently it has also made recommendations to avoid excessive consumption of some of these nutrients after recognizing their potential role in the etiology of miscellaneous (mostly chronic) diseases (James, 1988; Food and Nutriton Board, 1989) . Through these developments, one of the major contributions of nutrition in the twentieth century has been the concept of balanced diet: 'an appropriate mixture of food items that provides, at least, the minimum requirements of nutrients and a few other food components needed to support growth and maintain body weight, to prevent the development of deficiency diseases and to reduce the risk of diseases associated with deleterious excesses' (Welsch, 1996) .
But at the turn of the twenty-first century, at least in the society of abundance, which characterizes most of the occidental and industrialized countries, and even though a balanced diet remains a major recommendation, new challenges have appeared: from exponentially growing costs of health care, increasing life expectancy, improving scientific knowledge, developing new technologies to major changes in lifestyles. Nutrition must adapt by developing new concepts. Optimized nutrition (Milner, 2000) is one such new concept. It aims at maximizing physiological as well as the psychological functions of each individual through nutrition, in order to ensure both well-being and health but, at the same time, a minimum risk of disease through lifespan. It is in this context, that 'functional food' has been proposed as one practical approach to improve diet. future, be characterized as functional food with a variety of components affecting a variety of body functions relevant to either a state of well-being and health and/or to the reduction of the risk of a disease, the term functional food does not correspond to a single well-defined/wellcharacterized entity. Rather, it has to be understood as a concept that appears as quite unique. It belongs to nutrition and not to pharmacology and it deserves a category of its own, a category different from nutraceutical, f(ph)armafood, medifood, designer food or vitafood. Functional foods are and must be foods not drugs, they have no therapeutic effects. Moreover their role regarding disease will, in most cases, be in reducing the risk rather than preventing it. It means that, by recommending the regular consumption of a functional food as part of the usual recommended diet, it is scientifically plausible that, at the population level, the likelihood of getting a particular disease will be significantly reduced.
It is in that general context that an EU Concerted Action on Functional Food Science in Europe (FUFOSE) coordinated by ILSI Europe developed and reached a Consensus on Scientific Concepts of Functional Foods that was published in 1999 (Diplock et al. 1999 ). This European consensus document proposes the following working definition: 'A food can be regarded as functional if it is satisfactorily demonstrated to affect beneficially one or more target functions in the body, beyond adequate nutritional effects, in a way that is relevant to either improved stage of health and well-being and/or reduction of risk of disease. A functional food must remain food and it must demonstrate its effects in amounts that can normally be expected to be consumed in the diet: it is not a pill or a capsule, but part of the normal food pattern'. That definition describes all main features of functional foods. It is aimed at stimulating research and development in the field of nutrition so as to contribute adequately to the scientific knowledge that will be required to set the basis for an optimized nutrition.
From a practical point of view, a functional food can be:
. a natural food . a food to which a component has been added . a food from which a component has been removed . a food in which the bioavailability of one or more components has been modified, or . any combination of these possibilities.
Functional food: the strategy for development (Diplock et al. 1999) Being foods, functional foods need to be safe according to all criteria defined in current food regulations. But in many cases, new concepts and new procedures will need to be developed and validated to assess functional food risks. In Europe, some, but certainly not all, functional foods classify as Novel Foods.
As described in the European Consensus Document (Diplock et al. 1999) : 'The design and development of functional foods is a key issue, as well as a scientifc challenge, which should rely on basic scientific knowledge relevant to target functions and their possible modulation by food components.' Emphasis is then put on the importance of: 'the effects of food components on well-identified and well-characterized target functions in the body that are relevant to well-being and health issues, rather than, solely, on reduction of disease risk.' By reference to basic knowledge in sciences, such a development requires the identification and, at least partly, the understanding of the mechanism(s) by which a potential functional food or functional food component modulates target function(s) that is/are recognized or proven to be relevant to the state of well-being and health, and/or the reduction of a disease risk. Epidemiological data demonstrating a statistically validated and biologically relevant relationship between the intake of specific food components and a particular health benefit will, if available, be very useful. As a conclusion, a functional effect will be demonstrated, and it will serve to formulate hypotheses to be tested in human nutrition studies aimed to show that adequate (in terms of dose, frequency, duration. . .) intake of the specified food will improve one or more target functions, that are, either directly or indirectly in terms of a valid marker, relevant to an improved state of well-being and health and/or to a reduced disease risk.
The new-generation human nutrition studies should be hypothesis-driven, they should aim at testing the effect of a food as part of the ordinary diet to be consumed, in most cases, by the general population or, generally large, at risk target groups and they should not use a risk versus benefit approach. Most of these studies will rely on change(s) in validated/relevant markers to demonstrate a positive modulation of target functions after (longterm) consumption of the potential functional foods. A (double) blind type of design based on parallel groups rather than crossing-over will generally be appropriate. Data of these studies should be collected and handled according to standards for data management, and data analysis should prove statistical, but perhaps most importantly, biological significance. The markers to be used for the development of functional foods need to be identified and validated for their predictive value of potential benefits to a target function or the risk of a disease.
Functional foods and claims: communication and scientific challenges
As stated in the European consensus on scientific concepts of functional foods (Diplock et al. 1999) : 'As the relationship between nutrition and health gains public acceptance and as the market for functional foods grows, the question of how to communicate the specific advantages of such foods becomes increasingly important.' Its importance also lies in avoiding problems associated with consumer confusion about health messages. Regarding functional foods, claims associated with specific food products is the preferable mean of communicating to consumers, provided these claims are true and not misleading, as well as scientifically valid, unambiguous and clear. Even though a general definition of claim is widely accepted in the field of nutrition, as: 'any representation, which states, suggests or implies that a food has certain characterisitics relating to its origin, nutritional properties. . . or any other quality' (Codex Alimentarius, 1991) , one of the difficulties in communicating the benefits of functional foods is that distinct types of claims exist, and that especially the term 'health claims', that is traditionally used to communicate the benefits of foods, is understood differently in different part of the world. Seeking for clarity, Codex Alimentarius has recently classified and defined four different categories of claims (i.e. claims that relate to dietary guidelines; claims that relate to nutrient content; claims that are comparative; and claims that describe nutrient function; but excluding the term 'health claim'). These claims refer to known nutrients and their role in growth, development and normal functions as well as to the concept of adequate nutrition. They are based on established, widely accepted knowledge but they do not refer to a particular effect over and above that expected from consuming a balanced diet. These claims are thus not really helpful to communicate the specific benefits of functional foods. Indeed the claims for functional foods should be based on the scientific classification of markers (indicators and/or factors) for target functions and on the effects on these markers. If such an effect, that goes beyond what could be expected from the established role of diet, concerns a target function or a biological activity without direct reference to a particular disease or pathological process, claim will be made for an enhanced function. But, if the benefit is clearly a reduction of the risk of a disease or pathological process, claims will be made for a disease risk reduction. These two types of claims, that are specific for functional foods, are the type A and type B claims respectively (Diplock et al. 1999 ).
One of the major issues, still to be resolved especially with these two types of claims, concerns the biological level at which evidence can be accepted as 'satisfactorily demonstrating' an enhanced function or a reduction of disease risk. This evidence should rely on all data available that can be grouped in three categories:
. biological observations, . epidemiological data, and . intervention studies, mostly based on markers.
All supporting evidence should, however, be:
. consistent in itself . able to meet accepted scientific standards of statistical as well as biological significance, especially doseeffect relationship, if relevant . plausible in terms of the relationship between intervention and results, especially in terms of mechanism(s) of action . provided by a number of sources (including obligatory human studies) that give consistent findings able to generate scientific consensus.
Inulin and oligofructose: are they functional foods?
Inulin is naturally present in a large variety of plants. The plant species currently used by the food industry to produce inulin belongs to the Compositae; it is chicory (Cichorium intybus ) (De Bruyn et al. 1992) . Chicory inulin is a mixture of oligo-and polymers in which the number of monomers (essentially fructose) referred to as the degree of polymerization (DP), varies from two to more or less sixty units. From native chicory inulin the food industry produces a variety of products which are described in the review paper by A. Franck (2002) . When enzymatically hydrolyzed inulin produces oligofructose that can otherwise be obtained by enzymatic synthesis (transfructosylation) using sucrose as a substrate (Fig. 1 ). All these products, which are also named fructooligosaccharides (FOS), differ by the average degree of polymerization (from 3 to 5 for oligofructose up to 25 for some types of inulin). They are classified as dietary fiber and are widely used in a variety of food products both for their technological and nutritional attributes. The terms inulin and oligofructose will be used to identify these compounds in all the papers. For oligofructose however, and when appropriate, it will be indicated if the compound under study is derived from sucrose. The proceedings of the 3rd ORAFTI Research Conference which are published in this issue of the British Journal of Nutrition review the scientific data concerning inulin and oligofructose which were available at the time of the conference (February, 2001) . They report the view of experts in the field of nutrition, especially dietary fiber and functional foods, regarding the technological but mainly the nutritional properties of these food ingredients. They should serve as part of the scientific dossier required to scientifically substantiate the classification of inulin and oligofructose as functional foods and their claims.
Inulin and oligofructose are linear b 2-1 fructans (Roberfroid & Delzenne, 1998; Roberfroid & Slavin, 2000) . They are present in significant amounts in several fruits and vegetables (Van Loo et al. 1995) and their average daily consumption has been estimated to be between 1 and 4 g in the US (MoshFegh et al. 1999 ) and 3-11 g in Europe (Van Loo et al. 1995) , the most common sources being wheat, onion, banana, garlic and leek.
Because of the beta configuration of the anomeric C 2 in their fructose monomers that form b 2-1 glycosidic linkages, inulin and oligofructose are resistant to hydrolysis by human small intestinal digestive enzymes, which are specific for alpha glycosidic linkages. These carbohydrates have indeed been classified as 'non-digestible' oligosaccharides (Delzenne & Roberfroid, 1994; Roberfroid & Slavin, 2000) . Both in vitro (Alles et al. 1996; Ziesenitz & Siebert, 1987) and in vivo (Molis et al. 1996; Ellegärd et al. 1997; Knudsen & Hessov, 1995) data support this classification. Moreover, there is no evidence that they are absorbed to any significant extent. But inulin and oligofructose are fermented by bacteria colonizing the large bowel as shown by a large number of in vitro and in vivo studies which, in addition, confirm the production of lactate and shortchain carboxylic acids (mainly acetate) as end-products of the fermentation (Alles et al. 1996; McBain & Macfarlane, 1997) . Furthermore, on the basis of the results of well-designed human studies that have shown significant changes in the composition of human faecal flora, it can be concluded that inulin and oligofructose (5 -15 g/day for a few weeks) are prebiotic (Bouhnik et al. 1996; Buddington et al. 1996; Gibson, 2000; Gibson et al. 1995; Kleessen et al. 1997; Van Loo et al. 1998) . as is the case with other dietary fibers, inulin and oligofructose have a bulking effect as well as an increase in stool frequency due to the increase in microbial biomass that results from their fermentation. Thus, inulin and oligofructose fit well within the current concept of dietary fiber especially its most recent definitions as proposed both by the American association of Cereal Chemists (2001) Besides the properties reviewed here, concerning their role as fiber in the diet, inulin and oligofructose have been shown to induce interesting physiological/nutritional effects. These effects relate to improved calcium bioavailability, the reduction of risk of developing precancerous lesions in the colon, and hypotriglyceridemia and hypoinsulinemia in experimental models. These effects have been reviewed recently (Roberfroid & Delzenne, 1998; Milner & Roberfroid, 1999) and they are all extensively presented and discussed in this supplement issue.
But inulin and oligofructose also belong to other categories of functional food ingredients, which, by reference to the European consensus summarized earlier (Diplock et al. 1999) should have unique features such as:
. being part of conventional or everyday foods, to be consumed with the normal/usual diet . being composed of naturally occuring (as opposed to synthetic) components, sometimes in increased concentrations or present in foods that would not normally supply them, and . having a positive effect on target function(s) that may enhance well-being and health and/or reduce the risk of disease.
Inulin and oligofructose are indeed present in commonly consumed plants, they can be added to normal food products, they modulate key physiological functions like calcium absorption or possibly lipid metabolism, they modulate the composition of gut microflora, which plays a major role in gastrointestinal physiology, and finally they might play a role in reducing the risk of colon cancer (Pool-Zobel et al. 2002) Thus scientific data exist to substantiate type A claims (e.g. enhanced colonic functions, enhanced calcium absorption). Moreover sound hypotheses do already exist to justify further human nutrition studies as well as long-term intervention trials that might, in the future, give support to new type A but also possibly type B claims (e.g. reduction of the risk of bone disease or the risk of developing precancerous lesions. . .). Once again it is the objective of this as well as the previous publications of the like (ORC 2 Journal of Nutrition ) to review, discuss and evaluate these data.
